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Introduction
 After the first world war, radio time signals offered alternative technology for
determination of the Greenwich time and thus longitude at sea.
 Global Positioning System (GPS) originated from the Navigation System with
timing and Ranging Known as NAVSTAR initiated by JPO of US DOD in 1973.
 Initial Operational Capability (IOC) was reached in 1993 with 24 satellites while
Full Operational capability (FOC) was declared on July 17th, 1995.
 Satellite-Based Augmentation System (SBAS) arose from the need to provide
continuity, Availability, Integrity and Accuracy of GPS signals to eliminate
errors and compensate for discrepancies associated with GPS signals and other
navigation systems.
 The NICOMSAT-1R Navigation (L-Band) payload is a Space Based
Augmentation System meant to provide a Navigation Overlay Service (NOS)
similar to the European Geostationary Navigation Overlay Service (EGNOS).
 The paper presents huge untapped potential that the hybrid satellite;
NIGCOMSAT-1R offers in the area of public safety, security of critical national
infrastructure, aviation, maritime, defense, effectiveness of Location Based
Services for Emergency and crisis management amongst other applications and
thus fills a great gap in the augmentation system for Africa.
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Needs Assessment of Augmentation
 An augmentation system can be Ground-Based (GBAS) or Satellite-Based
(SBAS) and arises from the need to provide continuity, availability, integrity
and accuracy of Global positioning signals to eliminate errors and
compensate for discrepancies associated with GPS signals.
 Augmentation is important in applications that involve safety of life, i.e all
phases of flight, which requires improved accuracy of the global
positioning signals to eliminate errors and compensate for discrepancies
through differential corrections associated with GPS signals and other
navigation systems in terms of positioning, velocity and timing
requirements of aviation, maritime and land-based transport systems.
 The most effective augmentation system, especially for coverage capability,
is the Satellite-Based Augmentation System (SBAS), which transmits
signals over a wide geographic area creating and contributing to the Global
Navigation Satellite System (GNSS) regionally for identified primary and
secondary users in a mix controlled and free market.
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GPS Signals, Oscillators, Ultra-Stable 
Oscillators for Improved Performance.
 The GPS is primarily a ranging system as it tries to find how 
far an object is from itself (satellite) through principle of 
trilateration.
 Generally, for a GPS receiver to work properly, its is expected 
to carry out four tasks, namely:
 Find GPS signals i.e frequency, code phase
 Track and demodulate the message from each GPS satellite at 
the same time.
 Calculate the position based on distances to the satellites
 Calculate the correction to your local clock.
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GPS Signals, Oscillators, Ultra-Stable 
Oscillators for Improved Performance.
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Dana, 1999 with Permission
A Typical Ovenized Crystal Oscillator (OXCO) showing 
its Crystal Resonator and external circuits in a proportionally 
controlled oven to compensate ambient temperature changes.
The 10MHz Master oscillator used 
in the navigation payload of the 
Nigerian Communications Satellite 
(NIGCOMSAT-1R).
NIGCOMSAT-1R NAVIGATION PAYLOAD: AFRICA’S 
CONTRIBUTION TO SBAS and GLOBAL NAVIGATION 
SATELLITE SYSTEM (GNSS). 
• Nigeria ’ s first communication satellite (NIGCOMSAT-1), a
quad-band high powered satellite with navigational capability
and capacity launched on 14th May, 2007
• NIGCOMSAT-1R was Africa’s first contribution to the Global
Navigation Satellite System.
• It was however de-orbited on the 10th of November, 2008 due
to an irreparable single point of failure on-board the satellite.
• All broadcast, telecommunication services being offered by the
satellite including strategic navigational plans and objectives
were disrupted.
• The NIGCOMSAT-1R spacecraft project, is the insurance
replacement for the NIGCOMSAT-1 satellite launched on 19th
December, 2011.
10MHz ultra stable crystal 
oscillator was used for the L-
band payload to meet the 
performance requirements of 
frequency conversion stability 
and accuracy. 
NIGCOMSAT-1R NAVIGATION PAYLOAD: AFRICA’S CONTRIBUTION 
TO SBAS and GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS).
The downlink coverage beam of NIGCOMSAT-1R 
Geo-Navigation Satellite using L –Band Helix Antenna.
NIGCOMSAT Master Control Station with C-L Band 
Antenna  Systems
The downlink coverage beam of NIGCOMSAT-1R 
Geo-Navigation Satellite on L1 Frequency
The downlink coverage beam of NIGCOMSAT-1R 
Geo-Navigation Satellite on L5 Frequency
Illustration of Regional Satellite Based Augmentation 
System and NIGCOMSAT-1R SBAS as NSAS
WAAS: US Wide Area Augmentation System
EGNOS: European Geostationary Navigation Overlay Service 
CWAAS: Canadian Wide Area Augmentation System
MSAS: Japanese MTSAT Satellite Augmentation System
SNAS: Chinese Satellite Navigation Augmentation System 
NSAS: Nigerian Satellite Augmentation System
NIGERIAN SATELLITE AUGMENTATION SYSTEM (NSAS)..SPACE-BASED 
ASSET (SBAS) DEPLOYED WHILE GROUND INFRASTRUCTURE 
IMPLEMENTATION IS STILL WORK IN PROGRESS.
RELEVANCE, APPLICATION AND ECONOMIC IMPORTANCE 
OF NIGERIAN SATELLITE AUGMENTATION SYSTEM
The African Regional Satellite Based Augmentation 
System through NIGCOMSAT-1R SBAS will serve the 
followings:
 Military Applications: Defence, Surveillance, Tracking 
and Monitoring Ground and Aerial Based Assets including 
Personnel in hot spots.
 Improve Emergency, Recovery services and Search & 
Rescue.
 Fleet Management Systems and Telematics
 Transportation 
 Land: Car Users, Fleet Management outlets, Cargo 
Companies, Postal Agencies.
 Maritime 
 Aviation 
 Land Surveying (Mapping)
Telematic equipment and Demobilizers for 
Anti-Car Theft, Fleet Management etc.
RELEVANCE, APPLICATION AND ECONOMIC IMPORTANCE 
OF NIGERIAN SATELLITE AUGMENTATION SYSTEM
 Public Safety: Tall Buildings, Bridges etc
 Security of National Infrastructure: Pipelines, Power Lines, 
Gas Reservoirs, Strategic national Infrastructures
 Insurance Companies
 Paramilitary organization, Security Agencies
 Emergency Agencies: NEMA, Fire Fighters, FRSC etc 
 Utility Management: Energy and Communications Company 
for synchronization.
 Geographic Information System Companies
 Tourism
 Environmental Protection and Characterization
 Scientific Research.
PUBLIC SAFETY APPLICATIONS IN 
CONSTRUCTION, BUILDINGS AND 
BRIDGES: GNSS receivers at critical control 
points of a bridge or buildings to monitor 
public safety of the infrastructure from 
trended graph over time.
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NIGCOMSAT-1R FOOTPRINTS AND COVERAGE
.
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KA-BAND 
COVERAGE 
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KA-BAND 
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KA-BAND 
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OVER EUROPE
GLOBAL 
NAVIGATIONAL 
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IN L-BAND
Conclusion
 The Nigerian Satellite Augmentation System as Africa’s contribution to
the Global Navigation Satellite System (GNSS) exploiting NIGCOMSAT-
1R SBAS will improve emergency & Recovery services, Fleet management
systems, Transportation (Land, Maritime, and Aeronautical applications),
Agriculture, Land Surveying and Utility Management.
 The drive for improved performance has also encouraged improved
system architecture that allows convergence of all regional and
continental navigational systems into compatible and interoperable
Global Navigational Satellite Services (GNSS).
 Combined use of GPS, GLONASS and any other regional GNSS systems,
increases the number of satellites in different orbital planes reducing
Dilution of Precision (DOP) (position in 3 dimensions and Geometric)
thus saving time in acquisition of signals and improved performance by
using multi-chip receivers for Location Based Services (LBS).
 Completion of NSAS project will facilitate an enabling environment for
investment, enhanced productivity for economic growth, development,
employment generation and wealth creation and above all enhanced
public safety and security of critical national infrastructure.
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